Reticular lesions are generally asymptomatic and require no treatment; however, patients with erosive-atrophic forms of OLP often seek treatment due to pain and discomfort. 2, 3 Erosive-atrophic patterns manifest as diffuse, erythematous patches surrounded by fine white lines (Wickham striae) where some lesions may undergo malignant transformation. 4 Additionally, the exact etiopathogenesis of OLP is still unknown, and current evidence suggests an inflammatory cell-mediated immune response to an unknown trigger could be the likely cause. 5 Numerous invasive and non-invasive therapeutic methods including local/systemic corticosteroids, laser therapy, and surgical intervention for the treatment of OLP are suggested. [6] [7] [8] Cutaneous lesions generally improve spontaneously after therapy; however, OLP requires protracted treatment through steroids and long-term follow-up. 9 Extended use of corticosteroids for chronic OLP may have certain local and systemic complications, which includes opportunistic candidiasis, mucosal atrophy, adrenal insufficiency, gastrointestinal disorders, hypertension, and diabetes. 10 To surmount the side effects of steroid therapy, photodynamic therapy (PDT) has been proposed as an alternative treatment strategy for OLP. 11 The mechanism of action of PDT involves the excitation of molecules of various dye molecules called photosensitizer by laser light or visible light of selected wavelength. The dye molecules undergo a transition from inactive ground state to excited state triplet. The activated triplet state photosensitizer reacts with endogenous oxygen resulting in the formation of reactive oxygen species. These reactive oxygen species are extremely cytotoxic and cause cell death of the target tissue, thus showing the potential of tissue healing and tissue regeneration. 12 To evaluate the endpoints of PDT application in adult patients, various scales such as Thongprasom sign scoring (TSS), efficacy indices of the treatment (EI), and reticular-atrophicerosive scores (RAE) are used to assess the effectiveness of the treatment. 13, 14 A number of studies have reported the outcomes of PDT in the management of OLP and showed conflicting results. [13] [14] [15] In a clinical study by Mostafa et al, 13 OLP patients treated with topical steroid showed significant improvement in signs and symptoms as compared to those patients treated with PDT. Similar results were reported by Jajarm et al 14 However, Bakhtiari et al 15 in a recent study concluded that patients with OLP treated with PDT and steroid showed comparable improvement in clinical outcomes at follow-up. There appears to be a controversy with regard to the role of PDT in the management of OLP, and considering the diversity of these results, a systematic review seems desirable. Therefore, the aim of this study was to systematically review the efficacy of PDT in the treatment of OLP.
| METHODS

| Protocol registration and focused question
The current systematic review was registered at the National Institute 
| Selection criteria
The following eligibility criteria were entailed:
• Study design: Randomized control trials (RCTs), non-RCTs, controlled or comparative clinical trials, split-mouth clinical trials, double-blinded or blinded studies in humans of at least 4-week duration.
• Participants: Adult patients (aged ≥ 18 years) diagnosed clinically and/or histologically with unilateral or bilateral OLP based on the criteria proposed by the World Health Organization.
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• Intervention: Subjects allocated for PDT.
• Comparison: Comparing PDT with or without corticosteroid application.
• Outcome: Changes in (1) pain symptoms in response to test and control procedures and (2) clinical resolution of OLP signs at post-therapy. Patients' response had to be registered by means of visual analogue scale (VAS), TSS which is defined as scoring scale system for OLP scored as 0 = no lesion; 1 = mild white striae without erythema; 2 = white striae with atrophic area (<1 cm 2 ); 3 = white striae with atrophic area (>1 cm 2 ); 4 = white striae with erosive area (<1 cm 2 ) and; 5 = white striae with erosive area (>1 cm 2 ), 18 efficacy indices of the treatment (EI), which is classified in 5 groups as heal: EI = 100%; marked improvement: 75% < EI < 100%; moderate improvement: 25 < EI < 75%; mild improvement: 25% < EI < 0; no improvement: EI = 0%, and reticular-atrophic-erosive scores (RAE) that is derived by the summation of the scores of all areas and are recorded as reticular score = R, atrophic score = A, and erosive score = E (RAE score) with a total weighted score of (R × 1) + (A × 1.5) + (E × 2).
• Language: Articles published only in the English language.
In vitro studies; treatment with low-level laser therapy, case series; case reports; animal studies; letters to the editor, opinion articles; abstract; review papers and unpublished articles were excluded.
| Screening and selection
Screening and assessment of articles was conducted independently by 2 reviewers (ZA and FV). Any disagreement among the authors regarding study selection or exclusion was resolved through dis- 
| Data extraction
Two reviewers (ZA and FV) performed the data extraction independently. The information from the accepted studies was tabulated according to the study designs, subject demographics, types and site of OLP assessed, outcome variables, follow-up period, main study outcomes, quality of the studies, and PDT parameters. Data collected were based on the focused question outlined for the present systematic review. The reviewers cross-checked all extracted data. Any disagreement was resolved by discussion until consensus was reached.
| Assessment of the risk of bias (Quality assessment)
The assessment of methodological quality of the included studies 
| Statistical analysis
Due to the lack of methodological uniformity of the included studies, a meta-analysis could not be performed. Therefore, the pattern of the present systematic review was customized to summarize the pertinent data.
| RESULTS
| Study selection
A total of 89 study titles and abstracts were initially identified. After removal of the duplicates, 86 articles were identified. Seventy-four records were excluded as irrelevant to the focus question (κ score for interassessor agreement at initial screening κ = 0.84 [84% agreement]).
A total of 12 papers were selected for full-text reading. Of these 12 studies, 6 studies were further excluded. After the final stage of selection, 6 studies 11,13-15,22,23 were included and processed for data extraction (κ score for interassessor agreement at full-text eligibility Figure 1 shows the study identification flowchart according to PRISMA. 
| General characteristics of included studies
Six studies 11, [13] [14] [15] 22, 23 were included in this review out of which 2 were RCTs 13,14 and 4 were non-RCTs. 11, 15, 22, 23 The studies were carried out in Iran, 14, 15, 23 Saudi Arabia, 13 Poland, 11 and India. 22 In all studies, 11, [13] [14] [15] 22, 23 a number of subjects ranged between 13 and 30 individuals with mean age ranging between 42.5 and 59 years. All studies 11, [13] [14] [15] 22, 23 reported the number of male and female participants, which ranged between 1 to 13 and 12 to 17, respectively. Five studies [13] [14] [15] 22, 23 included the reticular and erosive-atrophic type of OLP. Three studies 11, 14, 22 reported the site of OLP that were diagnosed on tongue, buccal mucosa, lips, floor of the mouth, and gingiva. Three studies [13] [14] [15] included local steroid a total number of PDT sessions, which ranged from 4 applications to 10 applications throughout the study period (Table 2 ). 
| Quality of the clinical studies
| Main outcomes of the studies
All included studies 11, [13] [14] [15] 22, 23 reporting a clinical evaluation of PDT compared with or without steroid therapy showed that PDT has some effect in the treatment of OLP in adult patients at follow-up.
Three studies [13] [14] [15] compared clinical outcomes between steroid and PDT, in which 2 studies 13,14 showed significantly higher improvements with steroid therapy compared to PDT, while one study 15 showed comparable outcomes between PDT and steroid use. 
| Visual analogue scale
| Thongprasom sign scoring
Four studies [13] [14] [15] 23 reported TSS outcome and showed a comparable reduction in sign scores with steroid therapy [data not shown for [13] [14] [15] ].
Aghahosseini et al 23 reported 13 subjects with score 5 at baseline. At 12 weeks of follow-up with PDT, 8 subjects significantly reduced to score 3, 3 subjects to score 4, while 2 remain unchanged (score 5).
| Reticular-atrophic-erosive score
Two studies 14, 15 reported mean RAE scores (data not shown). Bakhtiari et al 15 reported comparable RAE scores for corticosteroid group and PDT group from baseline to post-treatment. Jajarm et al 14 showed
significantly lower RAE for steroid therapy as compared to PDT group.
| Efficacy index
Two studies 14, 15 reported the outcomes for clinical severity. Bakhtiari et al 15 showed comparable mild to moderate outcomes with regard to EI between steroid (60%) and PDT (40%) groups. On the other hand, Jajarm et al 14 showed the statistically significant difference for steroid therapy from baseline to post-therapy (Difference: 40.93 ± 18.77) as compared to PDT (Difference: 14.82 ± 13.64). 
| Lesion size
| DISCUSSION
The present systematic review was based on the hypothesis that PDT is effective in improving clinical signs and symptoms of OLP. Overall, the studies included in the present systematic review 11, [13] [14] [15] 22, 23 showed that PDT showed significant clinical improvement of OLP lesion, and therefore, it is suggested that PDT has some effect in the management of OLP. However, it is important to interpret these findings with caution due to a number of factors.
Histopathological examinations play a key role for diagnostic purposes and evaluation of complete resolution of disease. A critical evaluation of the studies included in the present systematic review 11, [13] [14] [15] 22, 23 showed that none of these studies evaluated histopathological changes after PDT. Only 2 studies 11,23 assessed lesion size in which Sobaniec et al 11 reported resolution of the lesion in millimeters. In addition, the use of TSS, RAE, or EI to evaluate therapeutic outcomes offers only objective estimation. Therefore, to appreciate the real magnitude of the therapeutic effect of PDT, histopathological findings should be included in future trials to make comparisons of the changes in the ultrastructural/cellular level of OLP after the treatment with PDT.
Evidence suggests that frequency of laser application also influences the overall efficacy of PDT. 24 As mentioned in the clinical studies, 11, [13] [14] [15] 22, 23 which showed significant heterogeneity with regard to the number of applications (ranging between 4 and 10 sessions), it is therefore difficult to determine a threshold for how many times the photodynamic sessions should be applied to achieve favorable outcomes in the treatment of OLP. Furthermore, it is noteworthy that the included studies 11, [13] [14] [15] 22, 23 had either significant heterogeneity or there was a lack of data pertinent to PDT parameters. Other factors such as fiber diameter were not reported in almost all the studies. Fiber diameter has an overall effect on power density and energy output during PDT application and can modify the actual amount of energy released during the process, potentially affecting the proliferation of cells and hence anti-inflammatory efficacy of PDT. 25 Therefore, further well-designed studies with accurate PDT parameters are required to clearly understand the efficacy of PDT in the removal of OLP lesions.
Some other discrepancies were observed among the included studies in terms of inclusion of smokers. Patients with OLP should be monitored for potential comorbidities. One study 11 included patients with current smokers, and in 4 studies, 14, 15, 22, 23 the smoking status of the participants remained unaddressed. It is known that tobacco smoking is a risk factor for the outcomes of wound healing and through suppression of immune system. 26, 27 In addition, in patients with smoking status, increased levels of tobacco by-products in serum may accelerate tissue injury through elevated oxidative stress mechanism and further increase the production of various proinflammatory cytokines, which are involved in jeopardizing normal tissue structures and hence the compromised outcomes. 28, 29 The following limitations should be taken into account when considering the conclusions of the present review. Although the findings of the present review were presented with regard to the efficacy of PDT alone, only 3 studies 13-15 compared the efficacy of PDT with steroid therapy. Furthermore, the present systematic review did not consider studies in any other language except
English. This may have resulted in publication bias with potential relevant studies published in other language being missed. 30, 31 The authors suggest that to determine the clinical outcomes in the management of OLP, the follow-up period seems inadequate and T A B L E 2 Parameters of photodynamic therapy in the included studies longer follow-up periods could have yielded different outcomes.
Therefore, further studies with follow-up periods of up to 1 year or more are recommended to witness changes in the clinical severity of OLP after PDT application. In addition, a high risk of bias was found in ~80% of the included studies 11, 13, 15, 22, 23 mainly on the sections: sample size calculation, masking of assessors, and internal validity (selection bias). These methodological shortcomings should be cautiously considered when interpreting the findings of the present study. Moreover, it is of essential also to understand the cost of the treatment, expertise/training in the use of lasers/ photochemotherapy, and need to review the patients in recall appointments once or twice weekly to ensure proper compliance. To date, the steroid therapy is still the gold standard therapy 32 and PDT seems to be the promising therapy but for limited patients.
In addition, only one study 15 reported patients experiencing discomfort during PDT treatment; no further adverse effects were reported in the selected studies.
The present systematic review is the first study to assess the effi- 
| CONCLUSION
Within the limits of this study, PDT appears to have some effect in the symptomatic treatment of OLP in adult patients. However, further
RCTs with long follow-up period, standardized PDT parameters, and comparing the efficacy of PDT with steroid therapy are warranted to obtain strong conclusions in this regard.
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